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(54) Motor vehide power steering gear 

(57) A motor vehicle power steering gear (10) hav- 
ing a spool shaft (30) connected to a steering wheel, a 
pinion head (18) connected to a steered wheel, a tor- 
sion bar (36) between the spool shaft and the pinion 
head, a control valve (50) for regulating a hydraulic 
steering assist boost pressure in response to rotation of 
the spool shaft from an on-center position relative to the 
pinion head against a restoring force of the torsion bar, 
and a quiet, preload apparatus (70) including a C- 
shaped spring (76) around the spool shaft having a pair 
of resilient jaws (82,84). a drive pin (72) on the spool 
shaft clamped with a preload between the resilient jaws, 
and a cushioned abutment (74) on the pinion head 


clamped with the preload between the resilient jaws. 
The cushioned abutment includes a pair of radial canti- 
lever springs (88,90) which flex upon engagement with 
corresponding ones of the resilient jaws during forced 
oscillation of the pinion head back and forth through the 
on-center relative position of the spool shaft to minimize 
audible noise associated with such engagements and a 
radial reinforcement (92) between the cantilever springs 
which limits flexure thereof to minimize the effect of the 
cantilever springs on the performance characteristics of 
the control valve. 
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Description 

FIELD OF THE INVENTION 

This invention relates to motor vehicle power steer- s 
ing gears. 

BACKGROUND OF THE INVENTION 

. United States Patent 4,454,801, issued 19 June io 
1984 and assigned to the assignee of this invention, 
describes a motor vehicle power steering gear having a 
spool shaft connected to a steering wheel of the vehicle, 
a pinion head connected to a steered wheel of the vehi- 
cle, and a torsion bar between the spool shaft and the is 
pinion head. A steering assist hydraulic boost pressure 
is regulated by a control valve of the steering gear in 
response to rotation of the spool shaft from an on-center 
position thereof relative to the pinion head against a 
restoring force of the torsion bar. In some power steer- 20 
ing gears, the onset of power assist is delayed by a 
preload apparatus which prevents rotation of the spool 
shaft from its relative on-center position until manual 
steering effort exceeds a preload. Typically, such 
preload apparatus includes a C-shaped spring having a 25 
pair of resilient jaws, a drive pin on the spool shaft 
clamped with a preload between the resilient jaws of the 
C-shaped spring, and a rigid abutment on the pinion 
head which is aligned with the drive pin in the relative 
on-center position of the spool shaft and, likewise, 30 
clamped with the same preload between the resilient 
jaws of the C-shaped spring. Such steering gears may 
encounter an operating condition in which the pinion 
head is forced by irregularities in the road surface to 
oscillate back and forth across the relative on-center 3s 
position of the spool shaft In that circumstance, the 
rigid abutment may audibly impact alternate ones the 
resilient jaws of the C-shaped spring as the pinion head 
is forced back and forth across the relative on-center 
position of the spool shaft. 40 

SUMMARY OF THE INVENTION 

This invention is a new and improved motor vehicle 
power steering gear including a spool shaft connected 45 
to a steering wheel, a pinion head connected to a 
steered wheel, a torsion bar between the spool shaft 
and the pinion head, a control valve for regulating a 
hydraulic steering assist boost pressure in response to 
rotation of the spool shaft from an on-center position rel- so 
ative to the pinion head against a restoring force of the 
torsion bar, and a quiet preload apparatus for delaying 
the on-set of rotation of the spool shaft from its relative 
on-center position until manual effort at the steering 
wheel exceeds a preload. The quiet preload apparatus ss 
includes a C-shaped spring around the spool shaft hav- 
ing a pair of resilient jaws, a drive pin on the spool shaft 
clamped between the resilient jaws of the C-shaped 
spring, and a cushioned abutment on the pinion head 


aligned with the drive pin in the relative on-center posi- 
tion of the spool shaft and likewise clamped between 
the jaws of the C-shaped spring. The cushioned abut- 
ment includes a first radial cantilever spring on the pin- 
ion head bearing against one of the jaws of the C- 
shaped spring, a second radial cantilever spring on the 
pinion heiad bearing against the other of the jaws of the 
C-shaped spring, and a rigid reinforcement on the pin- 
ion head between and separated from the radial canti- 
lever springs. When the pinion head is forced to 
oscillate back and forth through the relative on-center 
position of the spool shaft, the first and second canti- 
lever springs flex to cushion the impacts thereof on the 
corresponding jaws of the C-shaped spring. The rigid 
reinforcement between the cantilever springs limits flex- 
ure of each to minimize the effect of the cantilever 
springs on the performance characteristics of the con- 
trol valve. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a longitudinal sectional view of a motor 
vehicle power steering gear according to this inven- 
tion; 

Figure 2 is an enlarged sectional view taken gener- 
ally along the plane indicated by lines 2-2 in Figure 
1; 

Figure 3 is a fragmentary, exploded perspective 
view of a portion of Figure 1 ; 
Figure 4 is a perspective view of a portion of Figure 
3; and 

Figures 5A-5C are similar to Figure 2 but showing 
elements of the power steering gear according to 
this invention in a plurality of relative positions. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

A motor vehicle power steering gear 10 according 
to this invention includes a housing 12 consisting of a 
rack housing 14 and a valve housing 16. A pinion head 
18 having a plurality of gear teeth 20 thereon is sup- 
ported on the rack housing 1 4 by a roller bearing 22 and 
by a sleeve bearing 24 for rotation about a centerline 26 
of the steering gear. A rack bar 28 having a plurality of 
rack teeth meshing with the gear teeth 20 on the pinion 
head is supported on the rack housing 14 for bodily 
movement perpendicular to a the centerline 26 in 
response to rotation of the pinion head. The ends of the 
rack bar. not shown, are connected to steered wheels of 
the motor vehicle in conventional fashion. 

A tubular spool shaft 30 of the steering gear pro- 
trudes into the valve housing 16 through a cover 32 on 
the valve housing and is supiported on the valve housing 
for rotation about the centerline 26 by a bearing 34. A 
torsion bar 36 inside the tubular spool shaft has an 
inboard end 38 protruding beyond a corresponding 
inboard end 40 of the spool shaft force fitted in a ser- 
rated bore at the bottom of a counterbore 42 in the pin- 
ion head 18. An outboard end 44 of the torsion bar is 
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rigidly connected to the spool shaft 30 at an outboard 
end 46 of the latter by a pin, not shown. 

The inboard end 40 of the spool shaft 30 is sup- 
ported on a cylindrical journal 48 of the torsion bar 36 
for rotation about the centerline 26. The outboard end s 
46 of the spool shaft is connected to a manual steering 
wheel, not shown, of the motor vehicle for rotation as a 
unit therewith. Absent manual steering effort at the 
steering wheel, the torsion bar 36 locates the spool 
shaft 30 in an on-center position. Figures 2 and 5A, rel- 10 
ative to the pinion head. A lost motion connection in the 
counterbore 42 between the spool shaft and the pinion 
head permits about 7.0° of twist of the torsion bar and 
corresponding rotation of the spool shaft in opposite 
directions from its relative on-center position. is 

A control valve 50 in the valve housing 1 6, similar to 
the valve described in the aforesaid U.S. Patent 
4,454,801, includes a tubular valve body 52 rotatably, 
supported on the spool shaft by a pair of rings 54A-B on 
the valve body. A pin 56 on a cylindrical wall 58 of the 
pinion head is closely received in a radial bore in a skirt 
60 of the valve body which extends part-way around the 
valve body whereby the valve body is connected to the 
pinion head for rotation as a unit therewith about the 
centerline 26. A valve spool 62 of the control valve 50 is 
defined by the portion of the spool shaft 30 between the 
rings 54A-B and includes a plurality of arc-shaped slots 
64 facing a plurality of internal grooves, not shown, in 
the valve body and cooperating therewith in defining a 
plurality of throttling orifices, not shown, which open and 
close in response to relative rotation between the valve 
body and the spool shaft. 

A plurality of outside annular grooves 66A-C on the 
valve body 52 are isolated from each other by seal rings 
on the valve body slidably engaging an inside cylindrical 35 
wall 68 of the valve housing. The grooves 66A, 66C are . 
connected to opposite working chambers, not shown, of 
a steering assist fluid motor. The groove 66B is con : 
nected to a pump, not shown. In the relative on-center 
position of the spool shaft, all of the throttling orifices 40 
are equally open and fluid circulates at low pressure 
through the steering gear from the pump to a reservoir, 
not shown. The valve body and valve spool cooperate to 
regulate a steering assist boost pressure in response to 
rotation of the spool shaft 30 from its on-center relative 4S 
position against the restoring force of the torsion bar. 

As seen best in Figures 2-5, a quiet preload appa- 
ratus 70 of the steering gear is disposed between the 
spool shaft 30 and the pinion head 18 and includes a 
cylindrical drive pin 72, a T-piece 74, and C-shaped so 
spring 76. The drive pin 72 is rigidly attached to the 
spool shaft 30 and projects radially outward from an 
outer cylindrical wail 78 of the spool shaft inside the 
cylindrical wall 58 of the pinion head. The C-shaped 
spring 76 has an inner cylindrical wall 80 facing the ss 
outer cylindrical wall on the spool shaft, a first resilient 
jaw 82, and a second resilient jaw 84 facing the first 
resilient jaw and clamping therebetween the drive pin 
72. 


In an unflexed condition of the C-shaped spring, 
Figure 3, the first and second resilient jaws 82. 84 are 
separated by a minimum span dimension D 1 which is 
less than the diameter of the drive pin 72 so that the 
resilient jaws 82, 84 clamp the drive pin therebetween 
with a preload proportional to the degree of flexure of 
the C-shaped spring required to spread the resilient 
jaws to the diameter of the drive pin. With the first and 
second resilient jaws 82. 84 spread apart to the diame- 
ter of the drive pin 72, the diameter of the inner cylindri- 
cal wall 80 of the C-shaped spring exceeds the diameter 
of the outer cylindrical wall 78 so that the spool shaft 30 
is rotatable relative to the C-shaped spring without sig- 
nificant drag therebetween. 

As seen best in Figure 4, the T-piece 74 includes a 
curved crossbar 86 matching the curvature of the cylin- 
drical wall 58 of the pinion head 18 and a radial abut- 
ment consisting of a first integral radial cantilever spring 
88, a second integral radial cantilever spring 90, and an 
integral rigid reinforcement 92 between first and second 
radial cantilever springs. The first cantilever spring 88 is 
separated from the reinforcement 92 by a span dimen- 
sion D 2 when the first cantilever spring is unflexed. The 
second cantilever spring 90 is separated from the rein- 
forcement 92 by a span dimension D 3 when the second 
cantilever spring is unflexed. The length of each of the 
first and second cantilever springs 88. 90 and the rein- 
forcement 92 corresponds to the radial separation 
between the cylindrical wall 58 of the pinion head and 
the outer cylindrical wail 78 on the spool shaft. 

The first radial cantilever spring 88 has a notch 94 
therein. The reinforcement 92 has a notch 96 therein 
aligned with the notch 94. The second radial cantilever 
spring 90 has a notch 98 therein aligned with the 
notches 94, 96. A dimension D 4 „ Figure 4. of the T-piece 
between an outer extremity of each of the first and sec- 
ond cantilever springs 88, 90 when the cantilever 
springs are unflexed exceeds the diameter of the drive 
pin 72. 

In assembling the steering gear 10, the relative on- 
center position of the spool shaft, i.e. relative to the pin- 
ion head, is established by hydraulically balancing the 
control valve 50. Then, the pin, not shown, is installed to 
connect the outboard end 44 of the torsion bar 30 to the 
outboard end 46 of the spool shaft. After that, the posi- 
tion of the T-piece 74 relative to the pinion head 18 is 
established by aligning the T-piece with a cutout 100 in 
the cylindrical wall 58 of the pinion head and forcing the 
first and second cantilever springs 88, 90 between the 
first and second resilient jaws 82, 84 of the C-shaped 
spring 76 with the drive pin 72 nested in, but not touch- 
ing, the notches 94, 98 in the cantilever springs and in 
the reinforcement 92. The cantilever springs 88, 90 bear 
against the first and second jaws 82, 84, respectively. 
The position of the T-piece thus established is perma- 
nently captured by welding the crossbar 86 to the cylin- 
drical wall 58, Figure 2. 

When the cantilever springs and reinforcement on 
the T-piece are forced between the resilient jaws 82. 84 
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of the C-shaped spring, a fraction of the preload of the 
resilient jaws flexes the cantilever springs 88. 90 toward 
the reinforcement 92 until the cantilever springs and the 
drive pin 72 are all clamped with the same preload 
between the resilient jaws. The span dimensions D 2 , D 3 
between, respectively, the cantilever springs 88, 90 and 
the reinforcement 92 exceed the initial flexure of the 
cantilever springs so that in the on-center relative posi- 
tion of the spool shaft 30 there is no interference 
between the cantilever springs 88, 90 and the reinforce- 
ment 92. 

The relative on-center position of the spool shaft 
30, Figure 2 t corresponds to straight ahead driving. To 
steer, manual effort is applied at the steering wheel of 
the vehicle to rotate the spool shaft. Because the pinion 
head 18 resists such rotation due to its connection to 
the steered wheels of the vehicle, the manual effort 
applied at the steering wheel increases the force reac- 
tion between the drive pin 72 and one or the other of the 
resilient jaws 82, 84 and is transferred to the pinion 
head 18 through the other resilient jaw and through the 
corresponding one of the cantilever springs 88, 90. 

Manual steering input to steer left, for example, 
increases the force reaction of the drive pin 72 against 
the first resilient jaw 82 and of the second resilient jaw 
84 against the second cantilever spring 90 until either 
the pinion head commences to rotate clockwise, Figure 
2. or the preload exerted by the resilient jaws 82, 84 is 
exceeded and the drive pin 72 and second cantilever 
spring 90 commence spreading apart the resilient jaws. 
Conversely; manual steering input to steer right 
increases the force reaction of the drive pin 72 against 
the second resilient jaw 84 and of the first resilient jaw 
82 against the first cantilever spring 88 until either the 
pinion head commences to rotate counterclockwise. 
Figure 2, or the preload exerted by the resilient jaws 82, 
84 is exceeded and the drive pin 72 and first cantilever 
spring 88 commence spreading apart the resilient jaws. 

When resistance of the pinion head to steering cor- 
rections is low, e.g. when the vehicle is driven straight 
ahead at moderate to highway speed, the pinion head 
commences to rotate before the drive pin and one or the 
other of the cantilever springs commence spreading 
apart the jaws of the C-shaped spring. When the resist- 
ance of the pinion head to steering corrections is more 
substantial. e.g. when the vehicle is driven slowly, the 
drive pin and one or the other of the cantilever springs 
commence spreading apart the jaws of the C-shaped 
spring before the pinion head commences to rotate. 
Flexure of one or the other of the cantilever springs 88, 
90 in either circumstance, however, corresponds to a 
range of angular positions of the spool shaft relative to 
the pinion head on opposite sides of the relative on- 
center position of the spool shaft in which the control 
valve 50 regulates a steering assist boost pressure pro- 
portional, in part, to the spring rate of the cantilever 
springs 88, 90. 

The rigid reinforcement 92 minimizes the aforesaid 
range of angular positions of the spool shaft relative to 


the pinion head to more closely simulate manual steer- 
ing, i.e. not power assisted, near the on-center relative 
position of the spool shaft. For example, when the vehi- 
cle is steered left, the force reaction of the second resil- 

5 ient jaw 84 against the second cantilever spring 90 
flexes the latter toward the reinforcement 92. The spring 
rate of the second cantilever spring is calculated to 
accommodate flexure of the cantilever spring into 
engagement on the reinforcement except where resist- 

10 ance to rotation of the pinion head is minimal. e.g. when 
the steerable wheels of the vehicle are on ice. Thereaf- 
ter, a rigid connection is established between the sec- 
ond jaw 84 of the C-shaped spring and the pinion head 
and the spring rate of the second cantilever spring 90 

is ceases to have any further effect on the performance 
characteristic of the control valve 50. 

The span dimensions D 2 , D 3 between the cantilever 
springs 88. 90 and the reinforcement 92, therefore, 
define the limits of the aforesaid range of angular posi- 

20 tions of the spool shaft relative to the pinion head in 
which the spring rate of the cantilever spring influences 
the steering assist boost pressure regulated by the con- 
trol valve 50. While it is only necessary that the span 
dimensions D 2 , D 3 be equal to or exceed the initial flex- 
es ure of the cantilever springs 88, 90 in the on-center rel- 
ative position of the spool shaft, span dimensions D 2 , 
D 3 equal to double the initial flexure of the cantilever 
springs 88, 90 in the on-center relative position of the 
spool shaft are preferable. 

30 Referring to Figures 5A-5C, an operating condition 
has been observed in which the pinion head is forced by 
irregularities in the road surface to oscillate back and 
forth relative to the spool shaft 30 through the relative 
on-center position of the latter, Figure 5A. For example, 

35 such oscillation may result, first, in the first jaw 82 of the 
C-shaped spring 76 being spread apart from the second 
jaw 84 by the first cantilever spring 88, Figure 5B, and 
then, second, the second jaw 84 of the C-shaped spring 
76 being spread apart from the first jaw 82 by the sec- 

40 ond cantilever spring 90. Figure 5C. 

As the pinion head 18 approaches the relative on- 
center position of the spool shaft 30 in the counterclock- 
wise direction during such forced oscillation, the second 
radial cantilever spring 90 intercepts the second jaw 84 

45 of the C-shaped spring 76 just ahead of the engage- 
ment of the first jaw 82 on the drive pin 72 and resiliently 
flexes to cushion the impact between the second canti- 
lever spring and the second jaw. Likewise, in the oppo- 
site direction, the first cantilever spring 88 intercepts the 

so first jaw 82 of the C-shaped spring 76 just ahead of the 
engagement of the siecond jaw 84 on the drive pin 72 
and resiliently flexes to cushion the impact between the 
first cantilever spring and the first jaw. The aforesaid 
cushion effect of the cantilever springs 88, 90 suppress 

55 audible noise heretofore characteristic of such pinion 
head oscillation whether or not the force of engagement 
between the cantilever springs and the resilient jaws of 
C-shaped spring is sufficient to flex the cantilever 
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springs against the reinforcement 92 as described 
above. 

Claims 

1. A power steering gear (10) for a motor vehicle 
including 

a tubular spool shaft (30) connected to a man- 
ual steering wheel of said motor vehicle for 
rotation therewith about a centerline (26) of 
said steering gear, 

a pinion head (18) connected to a pair of 
steered wheels of said motor vehicle and rotat- 
able independently of said spool shaft (30) 
about said centerline (26) of said steering gear, 
and 

a torsion bar (36) inside said spool shaft (30) 
having a first end (38) rigidly connected to said 
pinion head (18) and a second end (44) rigidly 
connected to said spool shaft (30) biasing said 
spool shaft to an on-center position relative to 
said pinion head, 

characterized in that said steering gear (10) 
includes a preload centering apparatus (70) 
comprising: 

a drive pin-means (72) rigidly connected to said 
spool shaft (30), 

a C-shaped spring (76) disposed around said 
spool shaft (30) having a first resilient jaw (82) 
and a second resilient jaw (84) cooperating in 
clamping said drive pin means (72) therebe- 
tween with a resilient preload on said drive pin 
means, and . 

an abutment means (74) on said pinion head 
(18) resiliently clamped between said first and 
said second jaws (82,84) of said C-shaped 
spring (76) with said resilient preload in said 
on-center relative position of said spool shaft 
(30) including a first radial cantilever spring (88) 
bearing against said first jaw (82) and a second 
radial cantilever spring (90) bearing against 
said second jaw (84), 

each of said first and said second radial 
cantilever springs (88.90) flexing upon an 
engagement with the corresponding one of 
said first and said second jaws (82,84) of 
said C-shaped spring (76) during forced 
oscillation of said pinion head (18) through 
said on-center relative position of said 
spool shaft (30) for cushioning said 
engagement and minimizing audible noise 
attributable to said engagement 

2. A power steering gear (10) for a motor vehicle 
including 

a tubular spool shaft (30) connected to a man- 
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ual steering wheel . of said, motor vehicle^ for;.* 
rotation therewith about a centerline? (26)f off';' 
said steering gear; • - ^^^fte^#^ 
a pinion head (18) connected* to* at' steered: 
wheel of said motor vehicle and rotatable inde- 
pendently of said spool shaft (30)* about: said: 
centerline (26) of said steering gear; and' ^ , ^ /; v 
a torsion bar (36) inside said spool shaft (30) 
having a first end (38) rigidly connected to said 
pinion head (18) and a second: end; (44) rigidly ■, 
connected to said spool shaft (30) biasing;said: - / 
spool shaft to an on-center posatiorr relative; to - ; .; £ 
said pinion head, - --W^ " . 

characterized in that said, steering-gear C!0)\.-r ' ; 
includes a preload centering; , apparatus^ ^ 
comprising: V • ' 

a drive pin means (72) rigidly conn'^ed:ta»klF;^^V'.'!r 
spool shaft (30), . . ->v*^^^|^^|^i . 
a C-shaped spring (76) disposedSaroi^^ 
spool shaft (30) having a firsfrr^ii^j^ 
and a second resilient jaw (84)fcdopera^ 
clamping said drive pin means (>72).; iherebe- '^SlV-'. 
tween with a resilient preload ,OT^idIdrivepim :s ~$0^[; 
means, and ; -_ ^||fel?Ct^'" ; : v r'. 

an abutment means (74) orr saJdvpinibm headf 
(18) resiliently clamped between; said: firstrandr 
said second jaws (82.84) C^ha(^i^ring;(76)>^ 
said resilient preload in said on^rrter relative- 
position of said spool shaft (30)^dudingsafii 
radial cantilever spring: (88)Q)earin^^ggjns 
said first jaw (82) and a second]radia 
spring (90) bearing: against:' 
(84) and a radial reirrforcemef^_^ 
said first and said ; second. M^^ff^^* 
rated from each by a span:dimensic 
calculated to limit :fle)ajre-ofsaii^^" 
second cantilever springs (88;90)iby^ 
ment thereof on said reinforcement; during,* 
angular excursions of' said spool 1 shaft (30)r ^;^^ 
from said relative on-center position,, ,k - ■ V^fij 


each of said first and said: second- radial 
cantilever springs (88,90) flexing; updmari* 
engagement with the correspdnding.one of 7 
said first and said second. jaws; (82;84); of- 
said C-shaped spring; (76), during;fbrced' 
oscillation of said. pinion head; (.18), through 
said on-center relative positions of =L said 
spool shaft (30) for 'ajshibrtingT s^? 
engagement and minimizing; audible* noise 
attributable to said engagement:/ -7*"*£y 



The power steering gear (10) for a: motor vehicle^ 
recited in claim 1 further comprising: 

a notch (94,96,98) in each of said-ffretandfsaid 
second radial cantilever springs.Oa.^O) andin: 
said radial reinforcement: (92); in? v^ich^saktf 
drive pin means (72) is nested 1 whens^driver. 




' ' • - -9-; vi._. 

pin rrieanff anc^ abutmentf 
r damped betwewsakTfii^ and? said second - ' ;V ";: , ^ : 

jaws (82,84) of said C>shaped spring (76) with 

said resilient: preload irr said on-center relative. . . ^ 

position otsakj spool shaft. (30). - s ' 

4. The power steering gear (10) for; a motor vehicle 
recited in claim 2 wherein: 

said drive pin (72) is a cylindrical, pin haying: a 10 ' ' 
diameter less than a dimension of said abut- r 
/ ment means (74) between an outer extremity of . 
each of said first and 1 said second radial canti- 
lever springs (88.90) in an unflexed condition of 

eaclr of said f fast and said/second cantilever is v ^ r ^\.';, X J ' ? : ~ 

-\ springs.- 'v V;,';*^^ : ' ,--U^^\H^^r < >-.t- .^v; 

5. The power steering gear (10)> fop a motor vehicle ^f^^^^f0^m^ 
~ recited in daim-3> wherein* saidfabutment means, /c^^i^^^li^y ^ ^ : 

- v - ( 74) further comprises^ ^%^r \ -V ^ V ~ ^ v ^-'- 

a crossbar (86) rigidly attachedr said pinion t ^ 1; ^ iy 'i ^ - / ? 

head (18) integral with each! ofsaid first and ; v \-_ \— ^T/'-f 

said second radial cantilever springs (88,90) - r >; ^ : ji ^v;l>p^.f^:.^-r7;/"' 
with said radial enforcement (92). 

, " . ... ' :. " - V-:' ' 

. ■ :. • • hi. -■' -r *. . *» £■ ; "• •£ 

- • '■ ^^ci-^i.:.-.^:^: 

<'■:'. k .. • •' % . -''t r • ^ ,: < v^'v* '. * "'^a. 
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